Hedging on futures or forward markets is an important tool to reduce risk. Thus, in order to manage the currency risk, it is important to have a suitable hedging strategy. Hedging is a means to offset potential losses on investment by making the second investment, which is expected to move in the opposite way in the financial markets. Therefore, this study aims to identify the relationship between spot and futures contract exchange rates and spot and forwards contract exchange rates. Secondly, calculate the optimal hedge ratio in order for effective optimal portfolio design and hedging strategy using CCC, DCC and Diagonal-BEKK models. The data consist of daily closing prices of spot, futures and 3-month forwards contract for currencies within ASEAN and ASEAN+3 countries. The empirical results revealed that the best model for hedging effectiveness is found to be CCC and DCC. These two models are able to reduce the variance 59.64 percent for Japanese Yen, 97.42 percent for Malaysia Ringgit, 66.14 percent for Singapore Dollar and 93.42 for Philippine Peso. Hence, it can be suggested to investors to hedge Malaysia Ringgit since the currency has the highest reduction in risk.
INTRODUCTION
The foreign exchange markets have become more competitive and volatile. The foreign exchange market is established as the most liquid and largest market in the financial institutions around the world [7] . The Multinational Companies (MNCs) and large international banks are the major participants in this market. The foreign exchange markets work through financial institutions, and operates on several levels. Dealers (most are banks) act as intermediary for foreign exchange trading involves hundreds of millions of dollars. Fluctuations in the exchange rate will give big impact to the foreign currency. The rise or fall of price in a day is affected by changes in exchange rates. This is especially true in the current economic situation in which the currency is constantly changing every day, this makes it more difficult to detect the rate of exchange applicable. Thus, in order to manage the currency risk, it is important to have the suitable hedging strategies.
Hedging is a tool to offset a potential loss on one investment by purchasing or shorting another investment which expected to perform in the contrary way. In our context, we used futures and forwards to hedge the spot exchange rates. In addition, hedging could help to reduce the volatility of an exchange rate portfolio by reducing the risk of loss. When hedgers have a position (long or buy) the base currency, usually they will sell (short) a futures contract or forward contracts as a tool for reciprocal investment. However, [10] debated on the number of contracts that need to be taken per unit of the base currency as well as the effectiveness measure to find that particular ratio. The optimal hedge ratio is very helpful in analyzing how much futures contracts that required to be held, while it effectiveness assesses the hedging performances and the usability of the strategies. Furthermore, these effectiveness ratio can be used by hedgers to compare the benefits of hedging a given position from alternative or a different contracts.
The objectives of this study are, first to investigate the relationship between spot, futures and forwards exchange rates market within ASEAN plus three countries (ASEAN+3). Second, to calculate the optimal hedge ratio (OHR) from the conditional covariance matrices using the multivariate conditional volatility GARCH models and compares the performance based on the hedging effectiveness. [7] studied about the hedging effectiveness of the currency where they have applied the same model as the previous, [6] . They focused on investigating the optimal hedge ratios, optimal portfolio weights and the hedging effectiveness estimations. Their study indicates that USD/GBP can effectively reduce the portfolio risk. In addition, the use of USD/GBP and USD/ JPY currencies is highly effective in the near-month future contract. All four models do not give lots of information because it provides with similar results even though there is some differences seen in DCC and BEKK models, but the hedging strategies lead to reduce the volatility. A research conducted by [12] have used five world major international currencies and the result indicated that the conditional hedging model improved well in term of reducing the portfolio variance and transaction costs better than conventional models in currency markets.
LITERATURE REVIEW
Dynamic hedging approach also conducted by [5] based on Bivariate GARCH which also apply the jump model in currency spot and futures. The GARCH-jump model has been used due to the capability of its model in capturing the volatility and leptokurtosis of the joint distribution to the selected foreign currencies. They also noticed that the effectiveness of dynamic hedging with currency futures can reduce the transaction prices. [4] investigates the benefits of dynamic currency hedging during the financial crisis. By gathering daily data, the information before and during the Global Financial Crisis (GFC) and the Euro Sovereign Crisis (ESC) have been covered. From the result, the evidence has been found to assist European hedge fund managers in planning the development of their business in the future. During the financial crisis, currency hedging in foreign asset investment provides better performance compared to the simple European portfolio.
ECONOMETRICS MODEL

Constant Conditional Correlation
The Constant Conditional Correlation (CCC) GARCH has recently become popular among practitioners [2] . CCC has commonly been used where the model use time changing conditional variances and covariance but then assumed to be constant conditional correlation. Hence, the estimation is given by: will also be positive definite. To complete the specification, the dynamics of the conditional variances ℎ ; = 1, … , has to be defined. The constant conditional correlations (CCC) model relies on the following univariate GARCH ( , ) specifications:
where is the ARCH effect or short-term retention of shocks to return , is the GARCH effect and
is long run persiatnce of the return shocks.
Dynamic Conditional Correlation
A dynamic conditional correlation (DCC) model that proposed by [8] is applied to allow the conditional correlation matrix time-dependent on the form:
=
where = ( 1 0.5 , … , 0.5 ) is a diagonal matrix of conditional variances, in time is the information set available; = 1,2, … , . The conditional variance is estimated as univariate GARCH( , ) model, allowing for different lag lengths for each series = 1,2, … , .
If is a vector of i.i.d. random variables, with zero mean and unit variance, in Equation (6) is the conditional covariance matrix (after standardization), = /√ ). The will use to estimate the dynamic conditional correlations, as follows:
where the × symmetric positive definite matrix is given by:
The effect of previous shocks and previous dynamic conditional correlations on the current dynamic conditional correlation is captured by the scalar parameter, 1 and 2 respectively. 1 and 2 are nonnegative scalar parameters satisfying 1 + 2 < 1, which implies that > 0. ̅ in Equation (7) is equivalent to the CCC model when 1 = 2 = 0. Equation (7) is a conditional covariance matrix, and ̅ is the k x k unconditional variance matrix of when is conditional on the vector of standardized residuals. A two-stage model established on the likelihood function can be estimated when DCC is not linear. Hence, in the first stage, the series must belong to univariate GARCH estimation and the second stage is used in ensuring correct correlation estimation to be applied.
Diagonal BEKK
[9] introduced another alternative dynamic conditional model that has positive definite on the conditional covariance matrices. The model named as Baba, Engle and Kroner (BEKK) and the multivariate GARCH( , ) is given as:
where 0 is a lower triangular matrix (( ( + 1))/2) parameters, and are ( × ) diagonal matrices with typical elements and respectively and As long as C 0 C ′ 0 is a positive definite matrix, so the parameterization below will guarantee the is also positive finite with (( ( + 1))/2) +^2 ( + ). [3] have proposed a simpler expression of for BEKK, known as Diagonal-BEKK ( , ) model. The model is commonly applied as:
where the matrices and are again restricted to being diagonal. The Diagonal-BEKK ( , ) model requires the estimation of ( ( + 1)/2) + ( + ) parameters.
Optimal Hedge Ratio
Investor in futures market commonly use hedging approach which mirrors their outlooks towards risk and personal targets. This research has applied the hedging strategies by [7] , considering the case of exchange rates. The returns on the portfolio for spot and futures position are represented as follows:
where , is the returns on holding portfolio between and − 1, , and , are the returns on holding spot and futures between time and − 1 respectively. is the hedge ratio (the numbers of futures contract that the hedger should sell for each unit of spot). In other words, when there is a risk, investors are suggested to long (buy) one unit of spot position and hedged by short (sell) unit of futures. According to [11] , the variance of the returns of a given hedged portfolio and restricted on the data set presented at time − 1 is denoted as follows:
where
is the conditional variance of the spot and futures return and ( , , , | −1 ) is the covariance of the spot and futures return. [1] setting the partial derivative in Equation (11) equal to zero with respect to . yields the optimal hedge ratio (OHR) conditional on the information set available at − 1 as follows:
where ( , , | −1 ) is the covariance of spot and futures/ forwards, and ( | −1 ) is the variance of futures/ forwards
Hedging Effectiveness
Three multivariate GARCH models are used to estimate the optimal hedge ratio. Then, the hedging performance of these three models are evaluated and compared. Following [13] , he suggested a hedging effective index (HE) can be used in measuring the variation decrement for any hedged portfolio with the unhedged portfolio. The effective index available as:
where the variances of the hedge portfolio are obtained from the variance of the rate of return , and the variance of the unhedged portfolio is the variance of spot returns, , . Hedging method with a higher is regarded as a superior hedging strategy as when the increases, then it indicates a higher effectiveness and larger risk reduction.
DATA
This research used daily closing prices of spot, futures contract and three month forwards contract for the currencies within the ASEAN plus three (ASEAN+3) countries. Due to unavailable futures market in ASEAN market, we used forwards as a proxy for hedging instruments within the market. Futures market consists of the Japanese Yen (JPY), Korean Won (KRW), and China Yuan (CNY), while forwards market consists of Malaysia Ringgit (MYR), Singapore Dollar (SGD), and Philippine Peso (PHP)
The returns of currency at time is calculated as , = ln ( , , −1 ) ⁄ , where , is the closing prices of currency for days , and , −1 is the closing prices of currency for days − 1. Volatility can be observed from exchange rates spot, futures and forwards returns ( Figure 1 ). Volatility refers to periods of high volatility followed by periods of relative tranquility. For example, Korean Won spot returns portrays turbulent periods (periods of high volatility) in 2008, and followed by periods of tranquility (volatility is low) from 2009 to 2014.
The mean return values for all series are close to zero ( Table 1) . The standard deviation observed in the range between 0.001026 and 0.0088, suggesting low volatility for each series. Besides that, it is found that the return series have high kurtosis, which is known as leptokurtosis, indicating that the distribution of returns are fat tailed. There were six series with positive skewness and six series with negative skewness. The positive skewness statistic signified the series had a longer right tail, suggesting that there were more gains than losses to investment returns, while negative skewness indicate more losses than gains. Under the null hypothesis of normal distribution, the Jarque-Bera statistic for each return series is tested to be significant at five percent (5%) level. It can be concluded that there is enough evidence to reject the null hypothesis of normal distribution. Hence, all spot, futures and forwards return series are concluded to be not normally distributed. 
RESULT AND DISCUSSION
The currency returns are found to be stationary using Augmented Dickey Fuller unit root test. Using the Ljung-Box and ARCH LM test, the result shows that there are autocorrelation and ARCH effects. Since we conclude there are ARCH effects, the research can proceed on using the GARCH model of CCC, DCC and Diagonal BEKK. Table 2 shows the estimation parameters for Constant Conditional Correlation (CCC) GARCH model. This model is assumed to have constant conditional correlation and the conditional correlation is time-varying. The ARCH (α) and GARCH (β) estimation of the conditional variances were statistically significant at five percent (5%) level. Korean Won and China Yuan are dropped since both currencies do not meet the assumptions of α + β is less than 1. The ARCH (α) estimations are generally small and observed between 0.044917 (Japanese Yen futures returns) and 0.114912(Malaysia Ringgit spot). The GARCH (β) effect is observed to be approaching one for each return series. Therefore, there is a strong GARCH effect and a weak ARCH effect.
The long run persistence in spot, futures and forwards returns are measured by the sum of ARCH (α) and GARCH (β). For each currency, the result shows significantly high volatility persistence, ranging from 0.97348 (MYR spot) to 0.99514 (¥ futures). This can be argued that high volatility persistence among ASEAN+3 countries would have a long memory process. The Dynamic Conditional Correlation (DCC) is an extension of the Conditional Correlation (CCC). This model is used to capture dynamic conditional correlations.
As tabulated in Table 3 , the short run persistence of shocks is identified by theta one ( 1 ), while the sum of theta one ( 1 ) and theta two ( 2 ) are used to identify the long run persistence of shock. The parameters show that theta one ( 1 ) for all returns are statistically significant at five percent (5%) level. Meanwhile, theta two ( 2 ) values for Japanese Yen, Malaysia Ringgit, and Philippine Peso returns are statistically significant at five percent (5%) level. Whenever significant occurs in return series, it can be argued that the conditional correlation is dynamic over time. The Philippine Peso shows the highest short run persistence with 0.136844 and greatest long run persistence with sum of theta one ( 1 ) and theta two ( 2 ) equal to 0.908959 (0.136844+0.772115).
Diagonal Baba, Engle, Kraft and Kroner (Diagonal-BEKK) is the alternative model for dynamic conditional correlation and guaranteed to have coefficient of ARCH and GARCH with positive definite on the conditional covariance 2 x 2 matrices. The conditional variances are depending on their own lags and lagged shock. However, it is the function of its lagged covariance and the lagged cross-products of the shocks. Japanese Yen, China Yuan, Malaysia Ringgit, and Singapore Dollar are statistically significant on both values of ARCH (A) and GARCH (B) effects, while Korean Won only significant for GARCH (B) ( Table 4) . Therefore, it can be concluded that there is a strong effect of GARCH ranging from 0.888512 to 0.968422 and a weak presence of ARCH effects ranging from 0.214816 to 0.4119247. Table 5 reports the values of optimal hedge ratio (OHR), the hedging effectiveness (HE), and the portfolio variance of four foreign exchange rates from three multivariate GARCH models, namely; Constant Conditional Correlation (CCC), Dynamic Conditional Correlation (DCC) and Diagonal-BEKK. Moreover, optimal hedge ratio (OHR) is defined by variance (second moment) of spot, futures and forwards returns. Therefore, the values of OHR will differ from one to another. OHR can be calculated as:
The optimal hedge ratio (OHR) for Japanese Yen is 0.77774653, 0.76263126, and 0.779831217 for BEKK, CCC and DCC respectively ( 
CONCLUSION
The hedging effectiveness of exchange rates within the ASEAN plus three (ASEAN+3) is investigated. It is found that the Philippine Peso has the highest average optimal hedge ratio (OHR) of 0.99204898, and the lowest is Japanese Yen with average OHR of 0.76263126 using the Constant Conditional Correlation (CCC) GARCH model. We can declare that the ASEAN currency markets are volatile. Hence, in order to minimize risk, the investment on long (buy) position of one unit of Japanese Yen spot should be hedged by short (sell) position of ¥ 0.7783 in futures contract. For Malaysia Ringgit, it is suggested that long (buy) position of one Ringgit spot should be hedged by short (sell) position of RM 0.9920 in forwards contract. On the other hand, the OHR for Singapore Dollar is 0.805751913 and it showed that the investor can long (buy) one Singapore Dollar spot and is shorted by S$ 0.8056 in forwards. The result also suggested that one Philippine Peso long (buy) in spot prices should be shorted (sold) by ₱ 0.9927 in forwards contract. Finally, it is revealed that the best model for hedging effectiveness is found to be CCC and DCC multivariate GARCH models. These two models are able to reduce the variance 59.64 percent for Japanese Yen, 97.42 percent for Malaysia Ringgit, 66.14 percent for Singapore Dollar and 93.42 for Philippine Peso. Hence, it can be suggested to investors to hedge Malaysia Ringgit since the currency has the highest reduction in risk.
